The great geomagnetic storm of 1859 is really composed of two closely spaced massive worldwide auroral events. The first event began on August 28* and the second began on September 2nd. It is the storm on September 2nd that results from the Carrington-Hodgson white light flare that occurred on the sun September l&.
INTRODUCTION
The great geomagnetic storm of 1859 is really composed of two closely spaced massive world-wide auroral displays that nearly covered the globe for hours [Green and Boardsen, 20051 . Reports of the aurora and its effect on telegraphs were believed to "furnish facts of importance to those who look at the phenomena contributions before the year was out [Editors, 18591. In that first publication the editors made a request for additional reports and soon requested E. Loomis, from Yale, to help. In all, nine separate collections of reports were published in the AJS with the editors responsible for the first four and Loomis the remainder, although Loomis has been commonly attributed with them all [Editors, 1859;  1860a; b; c; Loomis, 1860a; b; 1861a; b; 18651. In the meantime, several other scientists, most notably Joseph Henry, were also collecting and receiving auroral observation reports. "Professor Henry of the Smithsonian Institute was up here [Philadelphia] Monday to make inquiries concerning the phenomenon of Sunday night; and took the statements of all the operators on duty. He appeared much pleased with what he had learned. -- Operator American Telegraph Office" [Washington Evening Star News, September 2,18591. "We understand that Professor Henry is devoting especial attention to this subject, and it may result in throwing light upon the cause and effect of the Aurora Borealis, so long a subject of discussion among our savans (sic)" [Washington Daily National Intelligencer, Saturday September 3,18591. Joseph Henry, the Secretary of the newly formed Smithsonian Institute in Washington DC, had a keen interest in the weather. Knowing that the prevailing wind direction across the US is west to east, he felt certain that weather could be 8/5/05 predicted on the east coast by looking at the weather the previous day in the mid-west region. As the telegraph became established, Henry had weather reports at 7 AM telegraphed to him at the Smithsonian from a large number of cities. Like reporting the weather, reports of the fantastic 1859 auroral displays were immediately sent to Joseph Henry. It wasn't long before Henry, probably responding to the request from the Editors of AJS, sent his reports to E. Loomis at Yale University. Reports from Henry's collection began to appear in the sixth article in the series [Loomis, 186Obl.
. In addition to the scientific measurements that were published, newspapers of that era provide an untapped wealth of first hand observations giving us time and location along with reports of the auroral forms and colors. Once recognized, auroral displays were big news for both small local and metropolitan newspapers. If the weather was clear during an auroral display, you could almost guarantee a story in the local news the next day or even a few days later.
Newspaper reports of the great aurora rarely got into the scientific journals but they are valuable observations. In this paper, a selection of newspaper and ship log reports are used to illustrate the truly beautiful nature of this great aurora.
THE AUGUST 2gTH EVENT
The unusually bright and variable auroral forms of the Great Storm, the mostly clear skies, and moonless nights (new moon occurred on August 28*) all contributed to the very large number of reports of the aurora by the general public in the newspapers. The following are just a few examples of eyewitness accounts.
"On Sunday evening (in Vermont), the 28* ult, at seven and a half o'clock, we were notified of a large fire behind the mountain at the north, and we went out to see it: and presently the red clouds began to disappear, and spires of green shot up from the same place. It was the most magnificent display ever witnessed in this section; the sky for about an hour more kept changing from green to red, till ten and a half o'clock, when all the brilliancy was gone, except a little green at the north" [Boston Transcript, Monday, September 5,18591. "At all events, we know of no known cause that would produce such celerity of motion as these merry dancers seemed to have, unless it be galvanism and not electricity" [Boston Transcript, Monday, August 29,18591. "At one time the northern portion of the heavens assumed an almost blood red appearance, while here and there long streaks of light shot up from the horizon to the zenith. These rapidly changed their place and their form until they extended over the greater part of the sky, breaking through the reddish hues and finally covering nearly the whole face of the heavens" [Nau York HeraZd, August 29, 28591. "Objects at a distance could be more readily and clearly distinguished than when the moon is at its full. Now vivid arrows of light of most exceeding brilliancy shot up from the whole northern horizon; and, retreating, would again shoot higher and higher, until they covered the whole sky. This continued to grow darker, first to scarlet, then to crimson, and finally to the blood-red like "The light appeared in streams, sometimes of a pure milky whiteness and sometimes of a light crimson. The white and rose-red waves of light as they swept to and from the corona were beautiful beyond description, and a friend near by us, while looking to the zenith with the whole heavens and earth lighted up at a greater brilliancy than is afforded by the f u l l moon, said that it was like resting beneath the wings of the Almighty. The crown above, indeed, seemed like a throne of silver, purple and crimson, hung and spread out with curtains or wings of dazzling beauty. The tremulous motion of moving light, which the inhabitants of the Shetland Islands call "the merry dancers," was less apparent than usual, but in place of it came those full, bright, changing, but more steady streams of light, which gave an intense brilliancy to the whole heavens"
[Washington Daily National lntelligencer, Wednesday, August 31,18591.
In eastern Australia, where the local time is 15 hours ahead of that in the eastern US, the event was seen on August 29& immediately following this the glancing rays of a vivid aurora shot up the sky, at first more fully developed to the west, but afterwards stretching across the whole of the south from the hills to the sea. The line worked very badly through the whole day" [Melbourne Argus, September 1,18591.
In Sydney, Australia "Yesterday morning at about 10 o'clock, the wires of the electric telegraph were seized with an unaccountable fit of restiveness; they did not altogether refuse to work, but acted irregularly, the adjustment of the instruments altering so frequently that it was almost impossible to get any continuous message through. Everywhere the instruments were jammed. The wires continued to display their obstinacy till the evening, when the cause of the mystery was, to some extent, cleared up. A bright red light in the south-west quarter of the heavens, made many at first suspect that a great fire had broken out somewhere, but the changing hues and forms of light revealed at last to the As an example of what these observers might be trylng to describe, Figure 1 shows a photograph of a type A red aurora observed in Hokkaido, Japan on October 21,1989. In this example, the deep rosy red aurora was very diffuse, with little or no structure and was observed to blanket most of the sky similar to that observed by many eyewitnesses of the great aurora of August 28-29 and "It was reserved for our days to have a sage and philosopher to make clear to our comprehension the wonderful mysteries of those lights, which the Scotch know as merry dancers but with which we are more familiar by their Latin name of aurora borealis, to show us that they are nothing more nor less than an industrial exhibition of the upper air, a silkery (sic) in the clouds, whereat the magic shuffle flies from horizon to zenith with a speed that leaves electricity lagging far behind, and to be prepared to exhibit to the incredulous world a piece of the product of these heavenly looms.. . Phenomena are not supposed to have any reference to things past ---only to things to come. Therefore, the aurora borealis cannot apply to the baffle of Solferino or the peace of Villaranca. It must 8/5/05 13 be connected with something in the future ---war, or pestilence, or famine. They may be connected in some way with volcanic eruptions, or earthquakes, or, as has been long supposed, with icebergs. As philosophers are unable to solve the problem, why do not the aeronaunts try it? Wise and La Mountain have been threatening transatlantic voyages. Suppose that, before they start for the other side, they would ascend in their balloons and try to get a glimpse of the foundation line of the aurora borealis" [New York Herald, September 5,18591.
"Aurora appeared, illuminating the city so brightly as to draw crowds into the streets" [New York Times, September 5,18591.
"But two hours later, when the light, as a whole, was at its greatest brilliancy, the northern heavens were perfectly illuminated, with the exception of a few dim and almost imperceptible white streamers, which passed from the zenith nearly half way down to the northstar (sic). At that time almost the whole southern heavens were in a livid red flame, brightest still in the southeast and southwest.
Streamers of yellow and orange shot up and met and crossed each other, like the bayonets upon a stack of guns, in the open space between the constellations Aries, Taurus and the Head of Medusa -about 15 degrees south of the zenith. In this manner -alternating great pillars, rolling cumuli shooting streamers, curdled and wisped and fleecy waves -rapidly changing its hue from red to orange, orange to yellow, and yellow to white, and back in the same order to brilliant red, the magnificent auroral glory continued its grand and inexplicable movements until the light of morning overpowered to radiance and it was lost in the beams of the rising sun" [New York Times, September 3,18591.
"Early in the evening from the east there came a faint light, like that preceding the rising moon, while in the west a delicate crjmson seemed to be thrown upwards, as if from the sun, long since gone down. Later, these strange fires overran the entire heavens -now separating into streamers, gathered at the zenith, and forming a glorious canopy -then spreading evenly like a vapor, shedding on a l l things a soft radiance; again, across the sky waves of light would flit, like the almost undistinguishable ripple produced by the faintest breeze upon the quiet surface of an inland lake; a pale green would now cover half the firmament from the east, while rich crimson met it from the west -then the ruddy light would concentrate itself at the zenith, while beneath it fell in folds of beauty the mild purple and green. To the east and to the west lay huge fields of luminous clouds, tinted with a bright rosy flush, wholly unlike that produced by the rising sun and if possible even more beautiful. Soon, as Everett has beautifully spoken of a somewhat similar scene, "the hands of angels shifted the glorious scenery of the heavens." The mass of apparent, red cloud to the east moved away southward, gradually failing, while the corresponding red clouds on the west seemed to sink into a chaos of dark cloud that, with a fringe of blue, skirted the western horizon. "On Thursday night last about eleven o'clock our attention was attracted by the red appearance of the sky in the N. East, which we at first supposed was the reflection from a fire in that direction, but it began to spread on both sides and was pronounced by those who knew, to be the Aurora Borealis or Northern Light. About half past eleven it began to assume the appearance of day breaking and in ax hour it was almost as light as day, the stars, which before shown brightly being invisible; at one o'clock the light began to fade and in an hour the heavens had assumed their usual appearance and the stars shown out bright as ever, and, turned in" [Rocky Mountain Gold Reporter, September 3,18591. "again appeared in most resplendent brilliancy in the northern horizon last evening, being visible for a while just before and after the hour of midnight. The fainter or yellow lines of upshooting light could be clearly distinguished in the bright red illumination which extended wide around, lighting up the sky in such a manner as led the unmindful and even some of the fire companies to suppose that part of the city was about to be burnt out in a grand conflagration" [The N m Orleans Bee, September 2,18591.
8/5/05
"Singular as it may appear, a gentleman actually killed three birds with a gun yesterday morning about 1 o'clock, a circumstance which perhaps never had its like before. The birds were killed while the beautiful aurora borealis was at its height, and being a very early species --larks --were, no doubt, deceived by the bright appearance of everything, and came forth innocently, supposing it was day" [ N m Orleans Daily Picayune, September 9,18591. "All our exchanges, from the northern coast of the Island of Cuba (from the southern side we have none so late,) come to us with glowing descriptions of the recent Aurora Borealis, which appears to have been as bright in the tropics as in the northern zones, and f a r more interesting. The sky was no more, or at least but for a moment, completely lit up from the horizon to the pole, but the light came and went, now here, now there, now in this direction, now in that, and each time varying in outline and brilliancy. During the three hours which followed it seems to have had almost every latitude and longitude possible in its field, and to have 
18591.

TELEGRAPH OPERATIONS AND ECONOMIC IMPACT
8/5/05
Today it is well known that a geomagnetic storm can have a massive impact on our economy. Our economy and the functioning of our society is, by in large measure, critically dependent on the availability of electricity. Great geomagnetic storms can knock out power grids and wreak havoc on the operations of our space assets affecting, for example, a whole host of communication services we now take for granted. It might be hard for us to imagine today but even for such a relatively low-tech society of the 1850' s the great geomagnetic storm of 1859 did have an economic and social impact. The great geomagnetic storm affected a significant part of the worldwide telegraph communication system.
In 1859,l00,000 to 125,000 miles of telegraph lines existed in the whole world The second massive auroral storm on September 2,1859 also caused disturbances in the telegraph system. However, these eyewitness accounts report the auroral current taking the place of the galvanic battery. Portland operator-"Will do so. It is now disconnected."
Boston-"Mine is disconnected, and we are working with the auroral current.
How do you receive my writing?" Portland-Better than with our batteries on. -Current comes and goes gradually."
Boston-"My current is very strong at times, and we can work better without the batteries, as the Aurora seems to neutralize and augment our batteries alternately, making current too strong at times for our relay magnets. Suppose we work without batteries while we are affected by this trouble." Portland-"Very well. Shall I go ahead with business?" Boston-"Yes. Go ahead."
The wire was then worked for about two hours without the usual batteries, on the auroral current, working better than with the batteries connected. The current varied, increasing and decreasing alternately, but by graduating the adjustment to the current, a sufficiently steady effect was obtained to work the line very well. This is the first instance on record of more than a word or two having been transmitted with the auroral current. The usual effects of the electric storm were manifested, such as reversing the poles of the batteries, etc" [The Daily Chronicle and Sentinel, Augusta, Georgia, Thursday AM, September 8,18591.
"There were strong currents of electricity observed on the wires, to which no batteries were attached, and some extraordinary electrical phenomena, difficulty of explanation, noticed [Nau Orleans Daily Picayune, Saturday, September 3,
18591.
"Friday morning last, the morning of the last auroral borealis, the operators of the National Telegraph office in Washington City found, on going to their business, a series of electrical currents, entirely independent of the batteries, in possession of the wires. These currents seem to have been manageable, for the operators actually went to work and send messages from New York to Pittsburg, PA., correctly without the use of a particle of galvanic battery, using this independent electricity of the air in the place of that supplied by the ordinary batteries" [ N m Orleans Daily Picayune, September 9,18591.
In addition to the technological issues posed by these 'earth currents' entering the telegraph lines, was the very real potential for direct human injury. The most spectacular, and now legendary, story is told by Frederick Royce: a telegraph operator working in Washington DC, at his station between 8 and 10 PM.
"I did not know that the Aurora had made its appearance until 8 or 81 /2 o'clock. I had been working 'combination' to Richmond, and had great difficulty from the changing of the current. It seemed as if there was a storm at 'Richmond'. Concluding that this was the case, I abandoned that wire and tried to work the Northern wire, but met with the same difficulty. For five or ten minutes I would have no trouble, then the current would change and become so weak that it could hardly be felt. It would then gradually change to a 'ground' so strong that I could not lift the magnet. While the Aurora lasted the same phenomena were observable. There was no rattling or cracking of the magnet, as is the case in a thunder storm. I looked at the paper between the arrestors, but found no holes. Philadelphia divided the circuit at the request of New York, and we succeeded in getting off what business we had. The Aurora disappeared a little after 10 o'clock -after which we had no difficulty, and we worked through to New York During the display I was calling Richmond, and had one hand on the iron plate. Happening to lean towards the sounder, which is against the wall, my forehead grazed a ground-wire which mns down the wall near the sounder.
Immediately, I received a very severe electric shock, which stunned me for an instant. An old man who was sitting facing me, and but a few feet distant, said The August-September 1859 superstorm was unique, not only in terms of its severity and geographic distribution across the entire developing world, but because of its widespread impact on telegraphic systems of that time. There was also far greater commercial and news reportage use of telegraphy by 1859 since it had become a 'mature' and low-risk telecommunications resource. A simple assessment of the economic impact of this storm can be made by considering the fraction of the 1500 domestic telegraph stations that were affected, the number of hours out of service, and the estimated normal profitability of a 'typical' operator.
The typical telegraph operator produced $75 /day to the company [Scient@ American, November 26,18591 and the cumulative number of hours of out-ofservice operation for both storm events was August 28-29 (12 hours) and September 2-3 (12 hours). Not all domestic telegraph lines were out of service, based on the records from New England and the Eastern States, so one might estimate that not more than half the stations were affected. The product of these factors leads to $56,000 in seemingly 'lost' revenue. European stations were also affected, however their numbers and economic revenue are not known. The number of lines available in the aggregate sun were 120,000 miles world-wide, of which the US share was about 25,000 miles, so that a reasonable estimate might be $56k x 120,000/25,000 = $270,000 globally. This assumes about the same number of telegraph stations per mile of line as in the US (1 station every 17 miles) and the same revenue and outage factor. Of course, this only assesses the proximate losses by the telegraph operator for the service.
The problem with this calculation is that, the probable effect of the aurora on message transmission was that the message would be retransmitted later and not canceled, so one could assume that with the exception of time-critical messages, there was no actual economic loss to the recipient. However, there would still be an impact to the telegraph company for an unprofitable loss of 
EVENTS ATTRIl3UTED TO THE GREAT AURORA
It is very difficult, today, to imagine how truly unique these displays were to the general public. Many of the accounts mention that no one could recall a more spectacular aurora. The following reports give some account of the thoughts of the general public as a result of the great auroral storm in 1859.
"The present generation have listened with wonder and admiration to the stories their fathers and mothers have told them of auroras and meteors. They have opened their ears and mouths and eyes as they heard of stars falling from the heavens like rain, of the sky at night becoming read as with blood, and in the day time of its being so darkened that stars were visible. Few have had the opportunities of witnessing these sublime displays; but on Sunday night the heavens were arrayed in a drapery more gorgeous than they have been for years.. . Such was the aurora, as thousands witnessed it from housetops and from pavements. Many imagined they heard rushing sounds as if Aeolus had let loose There is also some suggestion that the famous American painter Frederick Edwin Church (1826 -1900) may have used these aurora as the inspiration for his painting 'Aurora Borealis'. Biographers note that he was in Labrador and Newfoundland during the late summer of 1859 doing research for his painting 'Icebergs'. It is impossible to imagine that he, as with so many other millions of people, did not also admire the August-September aurora, and perhaps use it as the basis for his 1865 painting.
While some individuals found themselves inspired by the aurora, there is evidence that others found themselves greatly disturbed by the event, at a time in history when fears of the end of the Earth were making their rounds in many religious circles. By September 4, in the minds of some people, the spate of spectacular aurora spanning an intense one-week interval took on much more than a simple diversion from normal daily affairs. A Columbus, Ohio sixteen year old girl "of considerable intelligence and prepossessing appearance", who had been taken into custody by the Sheriff of Ottawa County was particularly effected by the aurora.
"Her agitated state necessitated that she be moved to the lunatic asylum.
The conclusion drawn from this, and no doubt her utterances, implied that she had become deranged from viewing the aurora borealis a short time ago. She was convinced that all of this spectacular auroral activity meant that the world was soon to come to an e n d [Harpers Weekly, October 8,18591 While artists and poets mused about the cosmos and what such a spectacle might mean in human terms, other people living in a more mundane world scrambled to preserve their sanity, and still others found time to comment on the more humorous aspects of the event.
"To the editor of the Evening Post: I received the specimens of Aurora Borealis which you sent by Moonray's Express, and found them to correspond precisely with others which were collected in this vicinity. Having subjected them to chemical analysis, I append the result which you will not hesitate to publish for the advancement of science. 
